Suiluluiry. An investigation was undertaken to determiiine whether any of the following fungi had a requirement for boron (B): Saccharomyces cerevisiae, Aspergillus niger, Neurospora crassa, and Penicilliumn chrysogenum. Boron was unessential, and lhence a study was made of the concentrations of B that reduced the growth of S. cerevisiae and P. chrrysogenurn and the mode of laction of the B toxicity. Fifty and 4000 mg B/liter, respectively, significantly (5 % level) reduced the growth of the latter 2 species.
WVith aldolase activity being reduced by toxic levels of B, the fungi were apparently unable to utilize carbohydrates at a rate sufficient to maintain the metabolic processes involved in growtlh and reproduction.
Extensive investigations have led to conflicting reports relative to a boron (B) requirement in fungi (8, 12, 17, 18 ). Davis, Marloth and Bishop (8) claimed a B requirement for Aspergillus niger and Penicilliuint italicuii and that the dry weight yields decreased by 50 % in its absence. Thellier (18) obtained similar results with P. notatum, but interpreted the data differently. Although the dry weight yield decreased in the absence of B, there was nevertheless some growth and viable conidia were formed. Steinberg (17) , however, concluded that B was nonessential for A. niger. Thus, the question of B essentiality for fungi has not been resolved.
Although most work with the B nutrition of fungi has been directed toward the question of its essentiality, there are some reports of B toxicity in fungi (2, 3, 4, 10, 11, 14, 15, 21) . There is wide variation amlong species and strains in regard to their tolerances to B. Foster (10) observed that sensitivity of A. niger to B seemed to be higher during spore germination and the early stages of growth than in the later stages of development.
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Attempts to determine the biochemical nmechanism of B toxicity in biological systems are sparse. Akagi (1) found that the concentration of fructose-1,6-diP in homogenates of the livers of rats and guinea pigs doubled within 4 hours after the oral administration of borax in a single dose of 140 and 240 mg/kg, respectively. The effecit of B toxicity on glycolysis in rat liver and brain homogenates was also investigated (1) . As compared with controls, the average glycolyvtic rates under B-toxicity conditions were 55 and 28 %, respectively. No evidence was presented to indicate the enzymic reaction(s) that were inhibited.
In view of the above contradictions in the literature and sparseness of data on some aspects of B nutrition in plants, a study was initiated to determine whether several fungi required B. When it was apparent that they did not, the investigation was broadened to bracket the level at which B caused a statistically-significan,t reduction in growth. At that level of B, the biochemical nature of B toxicitv was studied (5 PLANT PTIYSIOLOGY' anit viable conidia formed on the zero-B mycelia, further establishing the nonessentiality of B for this organism.
The response of P. chrysogenum to various levels of B differed from that of A. niger in that 4000 mg/ liter were required to produce a significantly toxic effect, a reduction of the dry weight yield to 84.4 mg, compared to 96.8 mg in the zero-B cultures. A highly significant (1 % level) increase in the average dry weight yield to 112.9 rig was noted in the 500 mg/liter B cultures, as compared to zero-B.
On the basis of these data, it is apparent that B is nonessential for P. chrysogenum. Although 500 iiug/liter B significantly increased the yields, there was nevertheless abundant growth in the zero-B controls; furthermore, abundant viable conidia developed on the zero-B mycelia.
Chemical Antalyses. The In view of these data, an examination of the glycolytic sequence indicated that the aldolase reaction in S. cerevisiae was inhibited by toxic B levels. Manometric experiments were designed to determine the effect of B levels oni the gas exchange rates of the vegetative cells. CO2 evolution by cells in a 0.11 Ni glucose medium was reduced immediately upon addition of 150 mg/liter B under anaerobic conditions (fig 3) , thus supporting an effect of B on aldolase.
Since the manometric data and the quantitative analyses indicated an inhibition of the aldolase reaction, carbohydrate-depleted cells of S. cerevisiae were given glyceraldehyde, which becomes phosphorylated and enters the glycolytic sequence immediately below the proposed block. With glyceraldehyde, B had no effect on either 02 uptake or CO2 evolution.
Enzyne Kinetics. On the basis of previous evidence and the fact that those cultures of S. cerevisiac given glyceraldehyde showed no evidence of B toxicity, it appeared that the mechanism of B toxicity involved an inhibition of aldolase. To further test this conclusion, the aldolase activity of cell-free crude extract from S. cerevisiae grown on zero-B glucose medium was determined as a function of the B concentration of the reaction mixture. A B level of 1000 mg/liter was used. The activity of the crude preparation was reduced to 56 % of that of the zero-B [Reaction mixture contained: 2.2 ml 0.03 M pyrophosphate-0.006 M cysteine -HCI buffer (pH 8.2), 0.3 ml 0.006 M NAD, 0.2 ml 0.17 M Na arsenate, 0.2 ml 0.04 M fructose-1,6-diP, 0.1 ml 1: 100 rabbit muscle glyceraldehyde-3-P dehydrogenase, and 0.1 rabbit muscle aldolase. The latter was prepared as follows: 100 mg crystalline enzyme in 5 ml 0.01 M K-phosphate buffer, pH 7.2, and then diluted 1: 500 with buffer. Initiation of the reaction was accomplished by addition of 0.4 ml of a 1: 1 mixture of fructose-di-P-arsenate.].
control by the addition of 150 mg/liter B and to 25 % by 1000 mg/liter B (fig 4) . Thus, aldolase activity in S. cerevisiae was inversely related to the B concentration of the reaction mixture.
The inhibition of aldolase by B was further substantiated with a commercially-prepared rabbit muscle aldolase (Mann Research Laboratories). Rabbit muscle glyceraldehyde-P dehydrogenase was obtained from Calbiochem. These results were more pronounced than those with the crude extract, in that the enzymic activity was reduced to 10 % of the zero-B control by 1000 mg/liter B (fig 5) .
Since the aldolase reaction was inhibited by levels of B inhibitory to growth, a study was conducted to determine whether the fructose-1,6-diP molecule or the enzyme reacted with B. As sugar-borate complex formation is accompanied by the release of hydrogen ions (6), the occurrence and extent of complexing can be measured as a decrease in pH or an increase in con- 
